The incidence of mycorrhizas in the roots and Endogone spores in rhizosphere soil of 52 xerophytes, 21 halophytes and 16 hydrophytes from Pakistan was investigated. Vesicular-arbuscular mycorrhizas were of general occurrence in all plants examined except hydrophytes and members of the families Urticaceae, Casuarinaceae, Nyctaginaceae, Portulaceae, Caryophyllaceae, Amaranthaceae, Chenopodiaceae, Capparaceae, Oleaceae, Elaeagnaceae, Zygophyllaceae, Tamaricaceae, Euphorbiaceae and Palmae. Mycorrhizas were found mainly in the surface and subsurface horizons of the soil, and they were much Iess abundant in the deeper layers, although the abundance of Endogone spores did not decrease with depth. Endogone spores were rare in permanently waterlogged soils, which suggested that soil moisture affected spore number. Most other soil samples contained Endogone spores, including some from rhizospheres of non-mycorrhizal plants. In some soils an increase in spore numbers was recorded in the autumn and winter and a decrease in the spring and summer.
of desert, salt range and aquatic habitats. The samples for Tables I to 3 were collected during summer (July to August). Fxtraction of Endogone spores. Endogone spores were extracted and counted as numbers/ roo g soil, according to the previously described method of wet sieving and decanting (Khan, 1971) . Five soil samples from around five plants all growing on the same site were examined for each species. Mensureriieiit of extent of infection. The extent of mycorrhizal infection was measured by recording the percentage of root pieces infected after clearing fifty 1 cm root segments for 30 min in KOH (10 :/: at 90 "C) and then staining them with 0.5 0; trypan blue in lactophenol (Phillips & Hayman, 1970) . IP: 54.70.40.11 On: Sat, 08 Dec 2018 11:47:25 1Vlycoidiizas and Endogone spores 
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Tj.yes and i.ruiiibers of Endogone spows
The results of this survey are set out in Tables I to 4. Most of the soils contained Endogone spores as regular components of their microflora. The majority of spores in clayey soils were of the yellow, vacuolate, non-endosporic type while those in sandy soils belonged to the white and bulbous reticulate and honey-coloured sessile types (Mosse & Bowen, 1 9 6 8~) . This observation is consistent with the previous one (Khan, 1971) . The spore population of any one sample of rhizosphere soil from plants growing on sand and sand dunes was usually uniform, whereas that from plants growing on clayey soils contained two to three spore types ; the yellow, vacuolate, non-endosporic type predominated.
Spores were very rare in permanently waterlogged and saline soils (Tables I and 2 ) . In muds of marshes and swamps, however, sporocarps of yellow, vacuolate, non-endosporic type Endogone spores were found between the sheaths of the lowermost leaves of Phragmites, Typha, Juncus and Eichornia ( such as Jpoiiioea carnea Jacq. become temporarily waterlogged and the mud around their roots lacked spores, whereas the rhizosphere soil of adjacent plants of the same species, growing on drier soils, contained many. This suggested that soil moisture affects spore number.
Mycorrhizas and Endogone spores
Most of the soil samples from xerophytic plants contained Endogone spores except those belonging to families of the orders Urticales, Caryophyllales, Capparales, Tamaricales, Euphorbiales. Oleales and Elaeagnales (Table 3) , the rhizospheres of which contained no or very few spores.
Mycorrhizal infection
Vesicular-arbuscular mycorrhizas were of general occurrence in all families except Urticaceaes, Casuarinaceae, Nyctaginaceae, Portulacaceae, Caryophyllaceae, Amaranthaceae, Chenopodiaceae, Oleaceae, Elaeagnaceae, Zygophyllaceae, Tamaricaceae and Euphorbiaceae (Tables I and 3 ). Hydrophytic plants did not possess mycorrhizas, although groups of Endogone spores were present in the swamp muds (Table 2 ) . Similarly, Endogone spores were present in the rhizospheres of plants in the family Zygophyllaceae, but there was no mycorrhizal invasion of their roots. These were entangled by many septate as well as aseptate fungal hyphae, but no internal infection was observed nor were root nodules, recorded in literature on Zygophyllaceae, observed. Similarly Endogone spores were present in the and 3) . The niycorrhizas in these plants possessed many thick-walled vesicles, a characteristic of endomycorrhiza produced by Endogone fasciculata. Mycorrhizas were found mainly in the surface and subsurface horizons of the soil and they were much less abundant in the layers at a depth of 4 to 5 ft, although the abundance of Endogone spores did not decrease with depth.
Seasonal fluctuations in Endogone spore iiurnbers Seasonal fluctuations in Endogone spore numbers were noted ( Table 4) . Usually there was an increase in spore numbers during the months of October, November, December and January, followed by a fall from the beginning of March until the end of August.
D I S C U S S I O N
The present survey supports the contention that most plants growing under natural conditions possess v.a. mycorrhizas and that Endogone spores are a regular component of the soil microflora. It is also evident from this study that the degree of v.a. infection varies under different habitat conditions. This survey suggests that the distribution of Endogone spores in the rhizosphere and v.a. infection of roots is affected by soil moisture and seasons. Mycorrhizas were absent in hydrophytes, as previously noted by several authors (Asai, 1934; Stahl, 1949 ; Maeda, 1954) . The observation that mycorrhizal Ipoinoea carnea plants growing on drier soils become non-mycorrhizal when temporarily waterlogged during the monsoon suggests that wet growing conditions result in the absence of mycorrhizas. This conclusion is supported by the observations of Maeda (1954) that non-mycorrhizal plants growing in wet places became On: Sat, 08 Dec 2018 11:47:25 M j ycorrhizns and Endogone spores I 3 mycorrhizal when transplanted to well-drained soils. Also, Shuja, Gilani & Khan (1971) observed that on canal banks the roots of Pupulus euroainericana which are growing towards the water are non-mycorrhizal while those growing away from it possess both ectomycorrhizas and endomycorrhizas. Although Endogone spore masses were recovered from the swamp muds, species of Phragmites, Typha, Juncus and Eichornia did not possess mycorrhizas. This is in contrast with the observations of Dowding (1959) who noted a v.a. endophyte within the roots of four common swamp plants of Central Alberta as well as in swamp mud. According to Rayner (1927) mycorrhizal fungi do occur in bogs. Although halophytes are reported to possess mycorrhizas (Mason, 1928 ; Fries, 1944; Stahl, 1939; Nicolson, 1960) , no mention is made of Endogone spore numbers in saline soils. The present survey indicates that most of the halophytes contained spores in their rhizospheres and v.a. endophyte in their root cortices. However, no mycorrhizal invasion has been seen in roots of plants belonging to families of the order Centrospermae, in the rhizospheres of which Endogone spores were either absent or rare. Members of the families Urt icaceae, Casuarinaceae, Capparidaceae, Tamaricaceae and Euphorbiaceae that were examined were found to be non-mycorrhizal. These observations agree with those of Gerdemann (1968) and Khan (1972) who also reported plants in the Centrospermae to be non-mycorrhizal. Most probably the plants regarded as non-mycorrhizal would be found to be mycorrhizal under certain conditions if an extensive search were made, or some fungitoxicant or antibiotic substance(s) such as sulphur, copper or betacyanin, reported to be present in Centrospermae, might be associated with their defence mechanism against mycorrhizal invasion.
The absence of Endogone spores in rhizosphere soils but the presence of v.a. mycorrhiza in some plants can perhaps be attributed to the fact that the roots may be infected by species of endophytes that do not produce many spores, or if they do, spores that are too small to be recovered by the technique used. Such an occurrence, for instance, is reported by Nicolson (1960) who recorded high endophyte activity but no Endogone spores in sand dunes. €ndugoize.~/scicuZata may be involved in such instances because it is a species which forms small chlamydospores, always under IOO ,um (Gerdemann, 1969) , which are not recoverable by sieving. The flotation adhesion technique (Sutton & Barron, 1972) is effective for the recovery of such small spores.
Recoi ery of considerably more spores of Endogone from rhizosphere soils of xerophytes and halophytes during autumn and winter than summer showed the strong influence of season. This could be attributable either to an increase in spore formation or to a decrease in spore germination. Seasonal fluctuation were also noted by Mason (1964) , Hayman (1970) and Sutton & Barron (1972) . These variations appear to be related to a change in root production, which is strongly affected by season.
The finding that Endogone mycorrhizas hasten recovery from incipient wilting by decreasing the resistance to water transport in soybean (Safir, Boyer & Gerdemann, 1971 , 1972 suggests the possible role of v.a. mycorrhiza under adverse soil water conditions, especially in physiologically dry soils which are impregnated with high concentrations of salt. Endogone infection may help halophyte roots tolerate salt better under such conditions. There is a great need for more work on the effect of the complex of external environmental factors, such as water, light, temperature, nutrient supply and soil microflora, on the development of v.a. mycorrhiza.
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